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ABSTRACT:  In  previous  work  the  effect  of  charabrage,  the  ratio  c4*  the 

diameter  of  the  propellant  chamber  to  the  barrel  bore  of  a gun,  has  been 
analysed  theoretically.  This  analysis  has  been  applied  to  a gun  of 
effectively  infinite  chamber  length  and  of  varying  chamber  diameters  in 
which  the  propellant  is  all  burned  before  the  projectile  begins  to  move. 
The  present  paper  describes  experiments  performed  to  check  the  theo- 
retical results.  These  were  conducted  with  two  different  length  0.50 
caliber  gun  barrels  and  with  chambers  of  various  diameters  up  to  2.44 
inches.  Air  was  compressed  in  the  chamber  behind  light  plastic  pro- 
jectiles, which  were  released  at  the  proper  pressures.  The  projectiles 
broke  timing  wires  outside  of  the  gun  barrel,  yielding  projectile  ve- 
locities. The  experimental  and  theoretical  results  are  in  very  good 
agreement. 
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This  report  presents  the  results  of  an  experimental  study  of  gun  chambrage 
(the  ratio  of  the  propellant  chamber  diameter  to  barrel  bore)  on  the 
muzzle  velocity  of  guns.  The  experiments  were  performed  on  a simplified 
gun  system  to  which  ttye  theoretical  results  described  in  NAVORD  Reports 
2691  and  3635  wers  applicable.  The  ultimate  aim  of  this  study  is  to 
obtain  high  gun  velocities  from  an  increase  in  our  knowledge  of  interior 
ballistics.  The  work  was  carried  out  under  project  No.  FR-33-(54).  The 
authors  are  indebted  to  Dr.  Z.  I.  Slaws  ky  for  his  aid  in  designing  these 
experiments  and  also  wish  to  express  their  thanks  to  Mr.  C.  Crist  and 
Mr.  J.  Fitzpatrick  for  their  help  in  performing  the  experiments. 


JOHN  T.  HAYWARD 
Captain,  DSN 
Commander 
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RESULTS  0?  CHANBKAGE  EXPERIMENTS  ON  GUNS 
WITH  EFFECTIVELY  INFINITE  LENGTH  CHAMBERS 


INTRODUCTION 

1*  In  balllatio  calculations  tho  offset  of  chanbrage,  tbs  ratio  of  ths 
diaaeter  of  ths  propellant  chan  bar  to  ths  barrel  bore,  on  ths  rnussle 
valooity  of  guns  is  usually  taken  into  aeoount  by  assuming  that  ths 
actual  ohambar  oan  be  replaasd  by  an  equal- volume,  imagined  chamber  of 
oroas-seotional  area  equal  to  tha  bore  orosa-seotional  area.  Experimen- 
tal results  of  gun  firings  ars  inoonoluaivs  as  to  ths  validity  of  thia 
assusption, 

2.  In  an  effort  to  understand  ths  gsoestrio  effect  of  ehaabrege  in  guns, 
theoretical  work  eea  done  on  „ simplified  gun  system  with  well-date reined 
initial  conditions.  The  results  of  ths  theoretioal  work  are  reported 
in  references  (a)  and  (b),  where  a qualitative  picture  of  the  effeot  of 
ohanbrage  in  guns,  as  well  as  quantitative  results  applicable  to  the 
simplified  gun  system,  are  presented.  In  order  to  oheok  the  theoretioal 
results,  ohaabrage  experiments  were  performed  at  the  Kaval  Ordnance 
laboratory.  This  paper  presents  the  results  of  these  experiments. 


PREVIOUS  THEORETICAL  WORX 

3.  In  rsferenoes  (a)  and  (b)  it  is  shown  that  ths  junotion  between 
unequal  oroas-seotional  areas  of  ths  ohaabered  gun  gives  rise  to  com- 
pression impulses  whioh  increase  the  projeotile  velocity.  This  inorsase 
in  projeotile  velooity  is  greater  for  tha  oases  of  large  ohaobrage  and 
vanishes  for  the  oonatant-orosa-seotional-erea  gun. 

4.  The  quantitative  analysis  of  ohambraga  was  performed  for  the  following 
oonditione i 

a.  The  chamber  and  the  bore  are  cylindrical. 

b.  The  propellant  gas  is  all  burned  and  at  rest  at  known  pressure 
and  temperature  before  the  projectile  begins  to  move, 

o,  The  propellant  gaa  is  an  ideal  gas,  and  each  part  expands 
isentropioally, 

d.  The  chamber  is  of  sufficient  length  so  that  the  breech  has  no 
effeot  oe  the  projeotiie  notion. 

Thus,  by  (b)  artd  (d)  above  the  effeots  of  the  propellant  burning  during 
firing  and  of  tho  breech  aro  not  present  (but  the  influence  of  chambrage 
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is),  The  ohange  of  state  of  the  propellant  gas  in  parsing  through  th* 
transition  seotion  between  the  charter  and  barrel  bore  was  obtained  by 
applying  the  steady  state  equations  of  continuity  and  energy.  One- 
dimeoaional  unsteady  flow  was  assured  in  all  other  parts  of  the  gun, 

5,  With  the  above  assumptions,  the  influence  of  ohambrage  is  oaloulated 
in  references  (a)  and  (b).  The  tera  "optimum  ehambrnge1’  designates  an 
infinite  ratio  of  charter  diameter  to  barrel  bore.  It  is  shown  that  this 
most  favorable  conditio n of  ohambrage  yields  a maximum  poaoible  projec- 
tile velocity  for  given  values  of  projeotile  mass,  projectile  travel, 
bore  oross-seotional  area,  propellant  gas  sound  velocity,  and  peak  gas 
pressure,  Curves  of  the  dimensionless  projeotile  velocity  versus 
dirensionless  travel  for  the  optimua-oham brags  gun  and  for  the  conatant- 
diaweter  gun  (i,e.,  with  ohaabrage  equal  to  one;  are  shown  in  Figure  1 
(taken  fro*  refsrenoe  (a)),  Tha  propellant  gas  was  assured  to  have  a 
■peoiflo  beat  ratio  5'  « 1.4. 

6,  The  optiwam-ohambrage  gtm  gives  velooitiea  which  can  be  as  sruoh  as 
28  percent  higher  than  those  given  by  the  oon3tant-diameter  gun  for  a 

% ■ 1.4  gas.  Reference  (b)  demonstrates  that  tha  velooity  increase, 
expressed  as  a percentage  of  the  naximum  possible  velooity  inorease 
above  that  for  no  ohaabrage,  is  a function  of  the  chamber-to-bore 
diameter  ratio,  D^/D?.  This  relation  is  shown  in  Flgutti  2 us  the  solid 
line,  Pbr  example,  it  is  saau  from  this  figure  that  for  a gun  with 
D^/Dj  equal  to  1,5,  50  perosnt  of  tha  possible  ohambrage  inoraase  is 
achieved, 

DESIGH  OF  THE  hZFEJUMENT 

7,  Fro*  the  theoretical  analysis  it  is  evident  that  the  muszle  velooity 
is  a function  of  ohambrage  and  the  gun  system  parameter,  p0Ax/lfc0  , only. 
This  makes  it  possible  to  simulate  60,000  psi  propellant  behavior  by 
performing  experiments  with  low-pressure  air,  Ftirther,  low-pressure  air 
is  approximately  an  ideal  gas;  and  the  theoretical  analysis  assumes  a 
propellant  gas  which  is  ideal, 

8,  laboratory  guns  with  various  degrees  of  ohaabrage  ware  constructed. 

To  insure  effectively  equilibrium  conditions,  the  low-pressure  air  at 
room  temperature  is  bled  very  slowly  into  the  chamber.  The  projeotile 
is  released  at  the  deeired  pressure  by  the  rupture  of  a shear  disc  made 
integral  with  it.  Muszle  velocities  are  obtained  by  the  breaking  of 
timing  aoreens  outdid#  of  the  eun  by  the  nrojeotile, 

9,  Since  the  theory  oradiots  that  the  effeot  of  ohambrage  is  relatively 
large  only  for  muszle  velocities  more  than  about,  1.5  times  the  sound 
speed  in  the  undisturbed  propellant  gas,  a barrel  length  and  projectile 
wjsas  were  chosen  to  give  muzzle  velocities  about  two  times  this  sound 
speed  (see  Figures  1 and  2).  After  the  barrel  length  was  known,  the 
ohamber  length  was  ohosen  as  follows!  Picturing  the  gas  expansion  as  a 
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transient  traveling  » are  phenomenon,  one  sees  that  the  maxinu*  useful 
chamber  length  is  that  which  just  permits  the  rarefaction  front  gen* 
erated  at  the  beginning  of  projeotiie  motion  to  overtax  the  projec- 
tile at  the  anusl*  after  haring  been  reflected  at  the  breeoh.  This 
length  we  a obtained  from  reference  (b)  (where  it  wee  designated  as  the 
effectively  Infinite  length),  and  the  ohambera  were  made  considerably 
longer. 


DESCRIPTION  OF  EXPERIMENTAL  APPARATUS 

10(  The  test  soheae  was  to  use  the  shear-type  projectile  mentioned 
abort,  whioh  ruptured  at  approziaately  3,000  psi  of  air  at  room 
tsaperaturo.  Supersonio  velocities  (referred  to  the  sound  speed  in 
ths  undisturbed  propellent  gas)  were  obtained  by  limiting  the  projeo- 
tiie weight  to  approximately  1 gram.  Five  ohambera  of  different 
diameter  were  used  in  the  tests  in  aonjunotion  with  two  barrels  having 
different  lengths  of  travel.  It  me  tnua  possible  to  have  ten  dif- 
ferent firing  conditions.  Approximate Ly  ten  rounds  were  fired  with 
eaoh  combination.  Muss Is  velocity  was  determined  by  a chronograph 
8ystea  consisting  of  three  soreens,  which  operated  two  eleatronio 
aounters.  The  projectile  was  oaught  in  a butt  from  whioh  it  was 
reoovered  and  weighed. 

11.  Figures  3-6  are  ploturea  of  the  experimental  apparatus. 

Chamber  diamatara  of  0.520",  0,575*,  0,75",  1.125",  and  2.44"  were  uaed. 
The  length  of  eaoh  chamber  was  somewhat  over  16  inohes  to  insure  that 

no  refleoted  rarefaction  would  reaoh  the  projeotiie  before  shot  ejection 
(see  Figure  7 for  aohematio  drawing).  Both  barrel*  had  smooth  bores 
and  were  0.520"  in  diameter.  Their  lengths  were  77,5  cm.  and  42.5  cm. 

12.  Figure  3 shows  the  77,5  cm.  barrel  mounted  in  the  1,125"  ohamber, 

A steel  nut  was  used  to  Join  the  chamber  and  barrel.  On  the  ohamber 
side  of  this  nut  a 60°  inoluded  angle  was  machined  to  facilitate  smooth 
flow  of  the  air  in  this  seotion  (figure  7). 

13.  Figure  4 shows  a disassembled  view  of  the  1,125"  ohamber.  The 
tube  shown  in  the  foreground  is  the  0.75"  chamber,  which  was  so  con- 
structed that  it  fit  snugly  into  the  1.125"  chamber,  being  anohored 
at  the  front  by  the  nut  and  in  the  back  by  the  spiral  spring  ahotn  in 
the  pioture.  Two  projectiles  are  also  shown  in  this  figure.  These 
were  designed  as  shown  in  Figure  7.  Part  1 fit  into  the  barrel,  whioh 
was  then  screwed  Lnto  the  nut  tight  enough  so  that  Part  2 seated  against 
an  "0"  ring  and  sealed  the  chamber.  At  about  3,000  psi  the  projeotiie 
sheared,  leaving  a ring  (Part  2)  in  the  gun  ohamber,  while  Pert  1, 
weighing  approximately  1 gran,  acted  as  the  projectile.  The  projectiles 
were  constructed  from  a linen-base  phenolic  plastic. 

14.  The  loading  was  accomplished  hy  Ms-ding  air  from  a 15°0  psi 
supply  bottle  into  an  air-operated  compressor,  whioh  compressed  it 
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slowly  into  the  ohamber  (see  Hguree  5 and  6),  Control  of  the  rate  of 
feed  was  maintained  by  suitable  valves, 

15.  Figure  5 shows  two  of  the  arrangements  used.  To  the  rlr’ht  is  the 
0,575"  chamber  anl  42,5  cm,  barrel,  and  to  the  left  is  the  2,44" 
ohamber  and  77,5  cm,  barrel,  The  compressor  ap;  ears  in  the  center, 

In  front  of  the  larger  ohamber  the  chronograph  can  be  seen.  This 
oonsisted  of  an  aluminum  frame  on  which  the  three  screens  were  mooted. 
These  aoreens  were  spaoed  at  50  cm,  intervals,  the  first  being  placed 
50  oma . from  the  muaale  of  the  gun.  The  screens  were  a fine  rrade  of 
light  drafting  paper  upon  whioh  a printed  grid  waa  made  with  silver 
conducting  paint.  When  the  screens  were  punotured  bv  the  bullet,  the 
eleotrical  continuity  was  interrupted  and  the  counters  were  onerated 
in  proper  sequence. 


PROCEDURE  FUR  FIRING 

16,  The  shear- type  projectile  was  plaosd  in  the  barrel,  whioh  was 
then  screwed  into  the  nut  attaohed  to  the  chamber.  Air  was  bled 
slowly  from  the  supply  bottle,  compressed  by  the  air  compressor,  and 
fed  to  the  ohamber.  At  about  3,000  pai , tha  design  shear  pressure, 
the  projectile  would  shear  and  travel  down  the  barrel.  During  free 
flight  it  would  break  tha  aoreens  and  operate  the  counters,  and  it 
would  finally  ooms  to  rest  in  the  butt,  Temperature  wa9  read  during 
tha  pumping  prooeaa,  and  the  bullet  weight  waa  msasurad  after  firing, 
so  that  all  of  tha  parameters  were  determined, 


METHOD  OF  ANALYSIS 

17,  For  each  of  the  ten  sets  of  firings  made,  the  initial  pressure 
(P_),  bore  area  (A),  length  of  travel  (x),  and  room  temperature  were 
all  determined  at  the  time  of  firing.  The  mas9  of  projectile  (M)  was 
determined  by  weighing  after  each  set  of  tests.  From  the  temperature 
it  was  possible  to  calculate  the  initial  sound  velocity  (a  ),  or  the 
impetus,  whioh  ia  proportional  to  a02.  In  addition,  the  counter  read- 
ings provided  the  average  velocity  at  75  cm,  (ui)  and  125  cm,  (ug)  from 
the  rruzale.  It  was  thus  possible  to  plot  direotly  u^/a0  vs  (p0Ax/Ma0*) 
for  all  the  teats , 

18.  Since  U]_  and  U2  w:re  botn  Known,  an  approximate  drag  coefficient 
oould  be  determined  and  the  r.uszle  velooity  (upj)  calculated.  For  a 
given  set  of  firings  u.  and  iu  were  averaged,  and  a drag  coefficient 
based  on  this  average  fas  determined  and  roughly  checked  against  drag 
ccsifioienta  of  blunt-nosed  missiles.  Figure  11  ia  a plot  of  the 
experimental  drag  coefficient  vs  Mach  number.  The  correction  for  drag 
was  made  aa  outlined  in  Appendix  I.  This  experimental  value  of  drag 
eoeffioient  waa  then  used  to  calculate  the  a\reraga  muzzle  velooity 
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(ugj)  baaed  upon  the  averse  experimental  velocity  at  75  oma,  (u^)  for 
eaoh  aat  of  firings, 

19.  It  was  thua  poaaible  to  plot  Un/a0  va  (P  Ax/Ma  *)  for  each  aet. 

This  provided  ten  points,  representing  the  ten  possible  combinations 

of  barrels  and  chambers,  The  points  for  eaoh  size  ohacber  (e,g.,  0.75* 
ohaiber,  42.5  cm,  barrel)  and  0 ,75s  ohaiber,  77,5  cm,  barrel)  were  Joined 
by  a straight  line  to  give  curves  of  u/a  vs  (P^Ax/M.2)  with  ohamber 
dlaaeter  as  parmaeter.  0 

20,  By  using  the  yesulta  given  in  reference  (1),  a curve  of 

Uj/ag  va  (PgAx/Ha^)  can  be  obtained  for  the  case  of  optimum  ohambrage 
and  also  for  that  of  uniform  bore.  These  curves  hold  for  vaouum  ahead 
of  the  projeotile  and  must  be  corrected  for  the  experimental  conditions. 
This  was  accomplished  by  calculating  the  back  pressure  effeot  of  the  air 
in  the  barrel  in  front  of  the  projectile, 

21,  The  pressure  ahead  of  the  projeotile  can  be  calculated  1/  use  of 
the  method  of  characteristics.  Tha  unsteady  characteristic  equations 
with  terms  to  aooount  for  the  entropy  change  are  used  with  the  shook 
equations  in  a step-by-atap  numerical  computation,  This  calculation 
waa  done  for  a oonatant -diameter  gun  with  initial  conditions  the  same 
ae  those  of  the  experiments  reported  hare,  (The  details  of  this  oal- 
oulation  will  be  given  in  a future  report.) 

22,  It  was  found  from  the  calculation  that  the  pressure-velocity 
relation  for  the  air  direotly  in  front  of  the  projectile  in  this  oasa 
of  relatively  low  Mach  number  is  approximately  the  same  as  for  unsteady 
compression  without  shooks  or  refleoted  impulses* 

1°  = (‘  + #u) 

where  -^b  is  tha  pressu^  in  atmospheres  in  front  of  the  projeotile, 

L4  is  the  projectile  velocity,  and  A,  is  the  initial  sound  velocity 
of  the  air  in  the  barrel.  The  above  pressure-velocity  relation  was  used 
to  aooount  for  the  effeot  of  the  raaiatance  of  the  air  in  the  barrel 
on  the  projectile  in  the  chambered  guns, 

23.  By  applying  a correction  for  air  resistance  to  the  theoretical 
ourwea,  it  is  possible  to  oompare  them  directly  with  the  experimental 
one  as  plotted  on  a u^/ag  vs  (P0Ax/l£a0*)  a X graph.  If  this  is  done, 
it  is  found  that  the  experimental  curve  for  a 'uniform  bore  falls  below 
the  theoretical  one.  This  is  to  be  expected,  since  friction  and  gas 
leakage  are  ignored  in  the  theoretical  considerations, 

24.  It  is,  therefore,  necessary  to  cake  some  correction  for  friction. 

If  it  is  assumed  that  friction  force  is  a function  of  velocity  or  a 
function  of  propelling  pressure,  since  the  range  in  velocities  and 
propelling  pressures  is  relatively  small  for  a given  T (and,  therefore, 


5 

CONFIDENTIAL 


CONFIDENTIAL 
NAVOW)  Report  3636 


in  chis  iia«  a given  barrel),  it  seems  reasonable  that  the  friotion 
wffeot  is  approximately  tha  mss  for  all  ohamoere  fired  with  the  same 
initial  conditions  and  the  same  length  barrel. 


RESULTS 

23.  Figure  8 is  a plot  of  Uj/a0  vs  (P-Ax/Ba*^)  as  determined  directly 
froa  the  axperiaental  data,  Sach  straight  line*  represents  the  same 
obnaber  and  was  fitted  to  the  data  on  the  basis  of  the  least  mean  square 
calculation.  The  probable  error  in  the  experimental  values  is  about 
0,02  in  aj/a0,  The  offeot  of  increasing  diameter  ia  olaarly  apparent. 
The  data  presented  in  Figure  9 were  obtained  by  taking  the  average 
values  of  the  points  given  in  Figure  8 and  correcting  them  for  drag 
loaa  in  ordar  to  obtain  mussla  velooity  Uj,. 

26,  The  next  step  was  to  oorreot  the  curves  given  in  Figure  9 for  bore 
friotion.  This  was  done  by  shifting  ths  experimental  uniform  bore 
ourve  into  ooinoidenoe  with  the  theoretical  ourve,**  The  same  correction 
for  friotion  was  then  applied  to  the  expsrimental  results  for  all 
ohaabere.  The  resulting  ourves  are  given  in  Figure  10, 

27,  8y  the  use  of  Figure  10  the  velooity  increase  due  to  ohambrags 
oan  be  plotted  against  diameter  ratio.  The  increase  is  plotted  in 
Figure  2 in  terms  of  percentage  of  ths  maximum  possible  increase  for 
values  of  X » 10  and  X a 20, 


CONCLUDING  RBtARXS 

28,  Tha  aatisfactory  agreement  between  the  experimental  and  theo- 
retical results  (sea  Figure  2)  indicates  that  the  assumptions  used  in 
tha  theory  are  valid.  Thus,  the  use  of  the  steady  state  equations 

at  the  Junotion  'etween  ths  chamber  and  bore  seems  justified. 

29,  It  is  to  be  emphasised  that  tha  conditions  for  which  this  study 

ia  applicable  are  not  satisfied  by  conventional  guns,  and  caution  roust 


*Tha  theory  indicated  that  these  lines,  instead  of  being  straight,  are 
actually  curved.  In  the  range  under  consideration,  however,  this  curva- 
ture ie  small  and  a straight  line  appropriation  is  within  the  aocuraoy 
of  the  data, 

**  From  previous  results  with  an  experimental  uniform-bore  gun  of  the 
type  used  here,  it  was  found  that  differences  between  the  experimental 
and  theoretical  projectile  behavior  could  be  attributed  to  friction 
between  ths  projectile  and  the  berrel  (see  referenoe  (o))# 
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be  exercised  in  the  application  of  these  results  to  auch  guns.  For 
oonventional  guns  (i,e,,  in  whioh  the  propellant  burns  during  the 
projeotile  motion)  the  velooity  gain  from  ohambrnge  oan  be  less  or 
aore  than  shown  in  Figure  2,  depending  on  the  rate  of  burning  of  the 
propellant,  tfith  the  aid  of  Appendix  IV  of  reference  (a),  it  oan  be 
demonstrated  that  for  a conventioiial  gun,  in  which  the  propellant 
burne  ao  as  to  maintain  a constant  peak  chamber  oreosure  during  the 
propellant  motion,  the  maximum  velooity  gain  over  a gun  with  no  ohambrage 
ia  about  7 percent.  This  percent  velocity  gain  is  smaller  than  the  28 
percent  obtainable  from  a preburned  propellant  in  a gun  of  the  type 
considered  herej  the  smaller  gain  ia  due  to  the  fact  that  the  con- 
ventional gun  oan  achieve  a pressure-sustaining  effect  behind  the  pro- 
jectile from  the  oontinued  burning  of  the  prone llant,  t^us  leaving  lees 
room  for  gain  from  ohambrage.  This  pressure-sustaining  effeot  l'rom 
oontinued  burning  is  more  and  more  difficult  to  obtain  ae  orojsotile 
velocities  are  increased  (because  of  the  high  rates  of  burning  required 
to  maintain  the  chamber  pressure),  but  a pressure-sustaining  effect 
from  ohambrage  is  obtainable  at  high  velocities.  Thus,  tha  use  of 
ohambrage  is  particularly  advantageous  in  high-velcoitv  conventional 
guns,*  NAVORD  Rsoort  3717  (in  preparation)  gives  on  approximate  method 
of  treating  chambrage  in  conventional  pun  circulations, 

30.  The  conditions  of  prebumed  propellant  nnl  long  chamber  for  whioh 
this  study  is  applicable  are  approached  in  some  unorthodox  puns,  Such 
guns  are  now  ir.  use  by  the  Aeroballistio  ftesinrch  Department  of  the 
Naval  Ordnance  Laboratory.  The  results  ;f  this  study  are  being  applied 
directly  to  these  gunS. 


•Note  that  this  discussion  assumes  that  the  propellant  hums  only  in  the 
chamber;  if  unbumed  propellant  is  pushed  along  tha  barrel  and  then  is 
burned,  an  additional  pmssure-sustaining  effect  behind  the  projeotil# 
r«3ult3. 
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- Average  velooity  over  range  - x0 
U2  - Average  velooity  over  range  x ± 

Uu  - Muzzle  velooity 
^ - Air  Density 
od  - Drag  ooeffioient 
A - Area  of  bullet 
M • Maaa  of  bullet 


3rd  screen 


The  deceleration  of  the  projectile  in  free  flight  la 

“jf  = ~i  $ Sr  ui  ~ u 

Letting  fb  — j?  f %p  and  assuring  C<j  i3  constant  over  the  range 
conaidered, 


fi  = iSx 

and  U = 


a*  e 


u 

U 

where  subscriot  "a 
refers  to  any  ref- 
erence point. 

v\ 

V 
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In  connection  with  the  experimental  firing,  u^  uni  Ug  are  'Known 
from  the  eountor  readings,  Therefore, 


Since  everything  is  kn^vm  on  tho  right  eide  of  thia  equation,  0 
can  he  calculated.  Figure  11  represents  tho  best  straight  line 
through  the  values  calculated  from  the  exnerimont3.  Next, 

by  using  the  value  of  taken  from  this  curve,  it  is  noaaible  to 
obtain  tho  muzzle  velocity,  since 


In  all  of  the  experimental  firings  x0  = 50  cm,,  = 100  cm,,  and 
X2  - 150  cm.  Therefore, 


= _L.  In  Ml. 


so 


U*w.  — U|  ^ 


U.4 

7C-/5 
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AN  INFINITE  CHAMBER  LENGTH  GUN 
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FIG.  3 1.125  INCH  DIAMETER  CHAMBER  WITH  77.5  CM  BARREL 
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Flu.  5 MOUNTING  OF  2.44  INCH  DIAMETER  CHAMBER  WITH  77.5  CM  BARREL 
AND  0.575  INCH  DIAMETER  CHAMBER  WITH  42.5  CM  BARREL 
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